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NOTATION

Definition

Drag coefficient

Store drag coefficient
Lift coefficient

Maximum lift coefficient
Total aerodynamic drag
Total energy

Energy state

Effective thrust vecto:
Engine net thrust

Engine gross thrust
Acceleration due to gravity
Pressure altitude

Total 1ift force

Jet induced lift loss

Mach number

Load factor normal to aircraft

in plane of symmetry

Specific excess power, energy

rate
Dynamic pressure

Intake momentum drag

Aircraft reference area

Unit or Value

N(1b)

J (ft 1b)

m (ft)

N(1b)

N(1b)

N(1b)

9.80665 m/s?(32.17405 ft/s?)
m(ft)

N(1b)

N(1b)

m/s (ft/s)

N/m? (1b/fe?)
N(ft)

m? (ft?)

RO




Sngols

Greek
Svmbols

[9)

Cal

Definition

Time
Velocity
Alrcraft weight

Fuel flowrate

Body incidence to flight path

Load factor n or turn rate w
according to selected grid
variable

Engine incidence angle

Nozzle deflection angle

Energy rate function

Energy state Eg or pressure
altitude h, according to
selected grid variable

Turn rate

Unit or Value

-3
m/s(ft/s)
N(1b)

kg/s(1b/hr)

rad(deg)

rad(deg)

rad(deg)

rad(deg)

(ft)

deg/s
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7.3
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1. INTRODUCTION

Reference | described a suite of FORTRAN programs developed for the
computation and presentation of data used in evaluating combat aircraft
performance.

The suite of programs produces tabulated and plotted data describing
aircraft combat performance in energy manoeuvrability terms. For each aircraft
to be evaluated the user must supply subroutines which evaluate propulsion and
aerodynamic characteristics.

After using the programs for several years some improvements and
extensions have appeared necessary and have now been incorporated in the suite
of programs.

This present document describes the purpose and nature of the various
changes in sufficient detail to allow it to be used independently of

Reference 1.

Chapter 2 presents an overview of the suite of programs and a description
of the available options and capabilities,

Chapter 3 describes the modifications to the mathematical equations.

Crapters 4, 5 and 6 present a self contained and updated user's guide
with iInstructions on how to operate the three modified programs.

Chapters 7, 8 and 9 describe the three modified programs; details of the
modifications and the part of the programs they affect are contained in

Appendix A.

Chapter 10 shows examples of the use of the various options.

(1]
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2. OVERVIEW AND CAPABILITIES OF THE SUITE OF PROGRAMS

s
! The object of the suite of programs is to produce tabular and plotted
' data for accurate assessment of the performance and manoeuvrability of any
aircraft operating in a wide range of weapon/store configurations.

f The sulte consists of three main programs whose interrelations are shown
t in Figure 2.1.

ACRAFT is the generic name given to the family of programs which
represents a particular aircraft; it includes user defined routines which
calculate propulsion and aerodynamic parameters using engine and drag data
‘ files. The program uses input data describing the aircraft configuration to
‘ perform basic calculations and produces tabular output for line printer listing
as well as a data file for input to program P2V2,

P2V2, the second program in the suite, processes the data provided by
program ACRAFT. For some requirements, (options 4B, 4C, 4Z) plotter files
(P2.PLT) are produced for plotting directly on the off line plotter; for other
requirements, (4A, 4D, 4G) program P2V2 selects and rearranges the data arrays
for further processing by P4V2,

gy

Program P4V2 is a contour plotting program which processes the data
provided by program P2V2 and produces plotter files (P4,PLT) for submission to
the off line plotter queue.

An overview of all the options available is shown in Figure 2.2.

2.1 Program ACRAFT

Program ACRAFT produces two types of output:

(1) Unoptimised grid calculations:
5 and 7' tabulated over an unoptimised grid of (7, M, I)

(2) Optimised grid calculations:

xopt and Z opt tabulated over an optimised grid of (Eg, )

where the symbols can represent the following alternative parameters

-

is energy state Eg or pressure altitude hp.

M is Mach number.

Kl

is turn rate . or load factor n.

¢’ is load factor if ¢ is turn rate.
or turn rate if Z is load factor.

X is Pg, Ps/wf, PBV/Wf or Ps/V.

Yopt is the maximum value of ' over the permissable range of M.

is the (' corresponding to xgpt

C'




The selection of the alternative options for y,+ and; is made through
the conversational dialogue when running the program.

In addition ACRAFT provides for each Mach number M and energy state T the
values of the load factor and turn rate corresponding to the lift limit
boundary.

2.2 Program P2V2

The input to the program P2V2 consist of data files prepared for
particular asircraft by program ACRAFT. The user selects by terminsl input the
operations to be performed on the data. The user can choose the following
options for presenting the data:

(1) Option 4A: Contours of x on a (M,7) grid for selected I values.

(2) Option 4B: Plots of X versus . for lines of constant M with selected =
values. )

(3) Option 4C: Plots of xopt versus Eg for lines of constant ;. For
this option the second type of output produced by ACRAFT is necessa
(see paragraph 2.1).

(4) Option 4D: Differential contours of 3y (between two aircraft) on a
(M,1) grid for selected r values.

(5) Option 4E: Differential 4C plots. This option is not currently
available,

(6) Option 4G: Contours of , on a (M,7) grid for selected values of 7.

(7) Option 4Z: Plots of » versus M and ' versus M for lines of constant [
with selected T values.
Note: Now that option 4G has been added to the program, option 42,
(which was previously used to create manually the contours of 4G), is

not very meaningful. ﬂ

When selecting option 4B, 4C or 4Z, the output from the program is a

‘ plotter file P2.PLT which can be submitted to the off line plotter. The outputs
_ produced when selecting the other options need to be further processed by the L
M contour plotting program P4V2,

2.3 Program P4V2

Program P4V2 processes files created by program P2V2 (with the
extension .CON) when selecting options 4A, 4D and 4G and produces a plotter file
. P4 .PLT to be submitted for off line plotting., The contour plots on file P4.PLT
¥ are of two types: 1

(1) Contours of energy rate (or other energy parameter) on a Mach number,
altitude (or energy state) grid. (Option 4A and 4D)

_ (2) Contours of energy rate (or other energv parameter) on a Mach number,
k' turn rate (or load factor) grid. (Option 4G)

A conversational dialogue allows the user to define the range of contours
required and the scales to be used on the x and y axes.

[3)
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Information flow between the three programs




MMD 4 OPTION
4A | contour of x on a (M,hp) grid. One page per selected n 1
! 4B | ) versus u for lines of constant M. One page per selected hp 2
4D | differential 4A 3
n
| 4G | contours of x on a (M,n) grid. One page per selected hp 4
: not 4Z | x versus M . S
hp! asked © versus M} for lines of constant n. One page per selected hp
I if 4A | contours of X on a (M,hp) grid. One page per selected .« 6
S 2
{ 48 | y versus n for lines of constant M. One page per selected hp 7
3 ; j 4D ~ differential of 4A
1 . 4G ; contours of y on a (M,.) griéd. One page per selected hp
i
|
: | ! 4Z | » versus M o) 1505 of constant «. One page per selected h_!10
: ! ; n versus M P
I imnus: =t
! , 4C | X opt versus Es fcr lines of constant n 11
: ‘ ! .
; i
i n
! 4E  differential of 4C - Not available 12
yes f 4C i\ opt versus Es for line cf constant . i3
|~ j 4E ' differential of 4C - Not available 14
s g 4A | contours of x on a (M,Es) grid. One page per selected n 15
‘ j 4B | x versus . for lines of constant M. One page per selected Es 1¢
| 4D | differential 4A 17
1 1Y
i 4G | contours of x on a (M,n) grid. One page per selected Eg 18 '
3
o 42 | x versus M7 for lines of constant n. One page per selected Eg 19
i « versus M
i no
! 4A | ccntours of x on a (M,ES) grid. One page per selected . 20
j
{ 4B | x versus n for lines of constant M. One page per selected Eg |21
|
; j 4D | differential of 4A 22
3 I
b, I : | 4G | contours of x on a (M,.) grid. One page per selected Eg 23
, : '
' i 42 | x versus M| ¢, jines of constant «. One page per selected E_|24
i { n versus M s 'ﬁ
{ L

Note: 7 is energy state Eg or pressure altitude hp

et e e ar e

L is load factor n or turn rate .
x 1s energy parameter P, or Ps/wf or Pg V/we or P /V

A A G

FIG. 2.2: Overview of Options Available

(5]
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3. ALTERATIONS TO EQUATIONS

The equations of motion contained in Chapter 2 of Reference | were
approximate in that net thrust Fy was used instead of gross thrust F; and a
ram drag term was not included. In addition the effects of vectoring the thrust
(as occurs in STOVL aircraft) had not been accounted for; this involves the
inclusion of the nozzle deflection angle Oj and a term 2L to allow for jet
induced lift loss.

The equations have now been modified; the aerodynamic and propulsive
forces acting on the aircraft have been resolved into three vectors (see
Figure 3.1):

. A total lift vector which is perpendicular to the flight path:

LTOT = qSCL"'(FN + RD) sin (a + Cl + :]) - 2L

. An effective thrust vector which is the component of thrust acting along
the flight path (including a propulsive drag term):

Ferpr = (Fy + Rp) cos (o + Oy + Gj) -~ Ry

. A drag vector which lies along the flight path:

Ppop = @5Cp + 9 - “Cpg

where Fy = Engine net propulsive force

Rp = Ram drag (Intake momentum drag)

Fs = Fy + Rp = Engine total gross thrust
a = Angle of attack (deg)

9; = Engine incidence angle (deg)

@3 = Nozzle deflection angle (deg)

q = Dynamic pressure

<L = Jet induced lift loss

Cy, = Lift coefficient

Cp = Drag coefficient




We can then write as with conventional aircraft (see Reference 1)

dE
s

P B e = (F - OT)
s =3 EFFT - Dp

v
W

(71




FIG. 3.1 Aerodynamic and propulsive forces




4. PROGRAM ACRAFT USER'S GUIDE

The conversational input to the program is best described with reference
to a typical run. Examples of dialogue are shown in Chapter 10.

Care must be taken for the replies to questions on selecting grid
variables to be compatible with the format of the plots required from the
subsequent programs; the various options available are listed in Figure 2.2.

Although only some of the questions have been modified from the ones
described in Reference 1, for completeness all replies have been described in
this updated user's guide.

Question 1 : IMPERIAL (0) or SI(1) UNITS

Replies of O or ] indicate that output quantities from ACRAFT are to be
in Imperial or SI units respectively. Any other reply results in an error
message and the question is repeated.
Note: All internal calculations are in imperial units.
Question 2 : AIRCRAFT DATA FILENAME

Reply with the name (up to 10 characters) of the disk file containing the

required data, A typical example of a store file is given in Figure 4.1. The
contents and format of the file are as follows.

Line Format Description
1 2A5 Aircraft name (up to 10 characters)
2 3G Wing reference area (ft° or m“),
Store file unit flag (0 for Imperial units, 1 for
SI units)

Data type flag (O for binary spline data, ! for PACAM
tabular data)
3 3G Gross weight (1b or kg)
c.g. position (Z MAC)
Structural load factor limit of aircraft

4 14A5 Configuration description (up to 70 characters)

5 2A5 Engine data file name if spline data or PACAM input
file name if tabular data (up to 10 characters)

6 2A5 Aerodynamic data file name if spline data and blank if
PACAM tabular data (up to 10 characters),

7 G Number of points in store drag table

8 10G Mach Number list in store drag table *

9 10G Drag count list in store drag table *

* 10 items per line; carry on to next line if more than 10 entries on any
line. Not needed if 0 points indicated at line 7.

19]




Question 3 : PS, PS/WF, PS*V/WF OR PS/V (1,2,3 or &)

Reply Meaning
1 Calculate Py as dependent variable, i.e. x = Pg
2 Calculate Pg/wf as dependent variable, i.e. x = P /wg
3 Calculate P V/1000ws as dependent variable, i.e. x = PgV/ws
4 Calculate 1000Pg/V as dependent variable, i.e, x = P_/V

Values of 1,2,3 and 4 are valid as input. Any other value produces an
error message and the question is repeated,

Question 4 : IS HP THE HEIGHT VARIABLE
A reply "Y" (yes) indicates that pressure altitude is to be used as the
height grid variable (i.e. T is pressure altitude h,). Any other reply will

result in energy state being used as the height variable (i.e. 71 is Eg).

If energy state is selected as the height variable (7 is Eg) the
following question is asked.

Question 4a : MAXIMUM MANOEUVRE?

A reply "Y" will cause Y optimum to be calculated for a maximum manoeuvre
diagram (MMD).

Any other reply causes the performance variable x to be calculated for an
unoptimised grid.

Question 5 : PRESET GRID (Y,N or C/R)

A Carriage return (C/R) reply results in the preset grid values being
typed on the user's terminal. The values for the preset grid are:

start value increment final value
T (Imperial) 0 4000 68000
7 (81) 0 1000 20000
M (Military Power) 0 .05 1.5
M (After Burner) 0 0.05 2.0
T is load factor i 2 9 {

A reply "Y" results in the preset grid values to be used in the run. The
next question then being question 10,

Any other reply will result in the following questions

{10])




Question 6 : HP ,HP STEP, NO OF STEPS (if 1 is hp)
or ES ,ES STEP, NO OF STEPS (if 1 1is Eg)

Reply with . an initial value for 1 (must be > 0)
. an increment for 1 {(must be >0)
. number of points, including first and last. (must be >0 and
< 50)

These three parameters, defining the height grid, should be typed on ome
line separated by commas or blanks.

Question 7 : MACH, MACH STEP, NO OF STEPS

Reply in a similar way to question 6 so as to specify the Mach number
grid,

If an optimized grid (MMD) has been requested in question 4a, question 7
is not asked.

Question 8 : GRID FOR LOAD FACTOR (0) OR TURN RATE (1)

A reply of O, requests a constant increment grid of load factor (I is
load factor)

A replv of 1, indicates a request for a constant increment grid of turn
rate (£ is turn rate).

Question 9 : TR, TR STEP, NO OF STEPS (if z is turn rate)
or GNO, GN STEP, NO OF STEPS (i1f z is load factor)

Reply 1in a similar fashion to question 6 so as to specifv the Z (turn
rate or load factor) grid.

Note: Turnrate 1s expressed in deg/s and if 7 is load factor the initial value
must be greater or equal to 1.

Question 10 : POWER (MIL=100, MAX=200)

Military power is indicated by a value of 100, and maximum augmented
power by a value of 200. Tens and units digits indicate a percent of the
maximum of that range. A valid reply is 0 < Power < 200. Any other reply
causes an error message to be typed on the terminal and the question is
repeated.

b Note: The power setting requested must be consistent with the propulsion
characteristics specified in the user defined subroutine THRUST.

Question 11 : WING SWEEP (IF VARIABLE)

Supply wing sweep in degrees if aerodynamic data includes wing sweep
effects. Otherwise reply with a carriage return.

A nominal valid reply is 0 ¢ Wing sweep < 80°. Any other replv causes an
error message to be typed on the terminal and the question is repeated,

f (11)




Question 12 : NOZZLE DEFLECTION (IF VARIABLE)

Supply the nozzle deflection in degrees if the aircraft is a vectored
thrust aircraft; otherwise reply with a carriage return.

A nominal valid reply is 0 < nozzle angle < 110°. Any other reply causes
an error message to be typed on the terminal and the question is repeated.

Question 13 : ATMOSPHERE, DEVIATION

This input is provided if the user-defined subroutine THRUST (from
ACRAFT) has been written to handle alternative atmospheres. Valid replies are:

ICAQ,X } FORMAT (A4,G)
ARDU, X

Where X is a deviation from the nominated atmosphere in degrees Celsius.
It may be omitted if X is zero.

If an invalid reply is made a warning message is typed to the terminal
and ICAO atmosphere is assumed,

Question 14 : OUTPUT (1=TEXT, 2=NOS, 3=BOTH)

Reply Meaning
1 Formatted output with full ASCII text and headings
is requested (on logical unit 6).
2 Numerical data output is required (on logical unit
8) for input to program P2V2,
3 Both types of output are required.

Any other reply causes an error message to be typed and the question is
repeated.

Question 15 : O/P FILE NAME FOR UNIT m
Supply a 10-character filename for output as requested; m = 6 is the
logical unit number for full format output; m = 8 is the logical unit number for

numerical output,.

Formatted output should be printed with /P/B switches to produce listings
suitable for permanent retention.

Numerical output may be printed if required.

(12])




ATRCRAFT
230.,0,0
25000.,00.,7.0
AIR SUPERIORITY : 2 AIM9 + 507 FUEL
ENGINE.BIN
AFRO,.BIN
5
6,.7,.8,.9,1.0
120,146,191, 304,370

FI1G. 4.1 Typical Example of a Store File

(13)




5. PROGRAM P2V2 USER'S GUIDE

The inputs to program P2V2 consist of the data files created by the
program ACRAFT.

The data is then manipulated by P2V2 according to commands supplied at
the users terminal during the execution of the program.

Question 1 : OPTION OR (CR) FOR HELP:
Reply with the appropriate option code. A carriage return is interpreted

as a request for help and a one line description of each option together with
the name of the output file produced, is typed on the terminal,

Reply Option

4A x contours on a (M, 1) grid for selected I values.

4B x versus 7' for lines of constant M for selected 1 values.

4C Xopt Versus Eg; for constant f values,

4D differential x contours on a (M,1) grid for selected 7 values.
4E differential ¥ versus Eg for constant I values. Not

. . OFt. .
implemented in this version.

4F Maximum Manoeuvre Persistence 1nteractive aid. Not available
in this version,

4G % contours on a (M,z) grid for selected T values,

g 4z X versus M for lines of constant 7 as well as ' versus M for
lines of constant - for selected T values.

- any other reply will cause a help message to be tvped to the
terminal and question | to be repeated,

Where x is Pg or P /wg or PgV/wf or P /V.
T is Eg or pressure height hp.
L is turn rate or load factor.

' is load factor if 7 is turn rate or vice versa.

[ (14)




5. PROGRAM P2V2 USER'S GUIDE

The inputs to program P2V2 consist of the data files created by the
program ACRAFT.

The data is then manipulated by P2V2 according to commands supplied at
the users terminal during the execution of the program.

Question 1 : OPTION OR (CR) FOR HELP:

Reply with the appropriate option code. A carriage return is interpreted
as a request for help and a one line description of each option together with
the name of the output file produced, is typed on the terminal.

Reply Option

4A x contours on a (M, 1) grid for selected : values.

4B x versus 7' for lines of constant M for selected =« values.

4C Yopt Versus E; for constant [ values.

4D differential » contours on a (M,71) grid for selected I values.
4E differential versus E; for constant I values. Not

. . ‘O?t, X
implemented in this version.

4F Maximum Manoeuvre Persistence interactive aid. Not available
in this version.

4G » contours on a (M,Z) grid for selected T values,

4 [

42 v versus M for lines of constant I as well as :
lines of constant - for selected T values.

versus M for
- any other replv will cause a8 help message to be tvped to the
terminal and question ! to be repeated.
Where : is Pg or Pg/wg or P V/wf or Pg/V,
is Eg or pressure height hp.

S 18 turn rate or load factor.

' 18 load factor if  is turn rate or vice versa,




5.1 Option 4A

This option produces X contour data on a Mach number (x axis), 71 (y axis)
grid, at selected values of ; (turn rate or load factor). The output is written
on file P24A1.CON which will have to be processed by P4V2,

Examples of dialogues running this option are shown in Figures
10.1 and 10.4.

Question Al : DATA BASE FILENAME

Reply with the name (up to 10 characters) of the appropriate numerical
output (logical unit 8) file from Pl1V2, After reading the header on the file
program P2V2 echoes on the user terminal.

*%% DATA ARE IN U UNITS, ENERGY PARAMETER IS  ***
**% CONSTANT INC, OF ([ **¥

U is IMPERIAL or SI, y is PS, PS/WF, PS.V/WF or PS/V as appropriate and’
is TURNRATE or LOAD FACTOR as appropriate.

Question A2 : REPLY "YES", "NO", "ALL" OR "END"

OUTPUT DATA FOR [ = i ?

Reply of 'Y', 'N', 'A' or 'E' indicates as follows:
Reply Meaning
Y Output data for contour plot at z =J; required.
N No output data required for =1z,
A Output data required for all ;.
E Exit from output data loop and do not output data for
 =¢,; or any following ;.

- Any other reply is interpreted as a 'N',

Question A2 is repeated for all values of ; selected unless the loop is
exited.

Output is written onto file P24A1.CON, for input to program P4V2. File
P24A1 .CON may be renamed if desired before running P4V2, P24A1.CON is an ASCII
file and may be printed, although it is not easy to read but is suitable for
debugging purposes.
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Question BS : REPLY "YES'", "NO", "ALL" OR "END":

5.2 Ogtion 4B

This option creates plots of 3 versus 7' for selected values of Mach
number. One page of plots is produced for each requested altitude (or energy
state). The output is written onto the plot file P2.PLT which can be submitted
to the plotter queue.

An example of dialogue running this option is shown in Figure 10.7.

Question Bl : DATA BASE FILENAME:

Replv with the name (up to 10 characters) of '.e appropriate numerical
output (logical unit = 8) file from PIV2. Program P2V2 will echo on the
terminal:

*%% DATA ARE IN U UNITS, ENERGY PARAMETER IS ' %%
*x%x CONSTANT INCREMENT OF ¢ Fohk

where (as appropriate)
U is IMPERIAL or SI

is PS, PS/WF, PS.V/WF or PS/V
ts TURN RATE or LOAD FACTOR

Question B2 : SCALES IN UNITS/INCH OF PLOT

TURNRATE/LOAD FACTOR, ENERGY VARIABLE:

Replv with the amount of phvsical quantityv which one inch of plot would
represent on each axis where the x axis represents ' (turnrate or load factor)
and the v axis represents the energy variable x . (As a rough guide use 500
ft/s/inch for Py and 4 deg/sec/inch for the turn rate’.

Question B3 : MAXIMUM FOR ENERGY AXIS:

Reply with the approximate maximum x value of interest on the y axis (in
the order of 1000 ft/s for Pg).

Question B4 : ENERGY AXIS LENGTH:

Reply with the appropriate length in inches of the y axis (7 inches is
representative for trimming to A4 size).
HEIGHT = T, 7

One page of curves is plotted for each height selected.
Replies and significance of questions are listed below.

[16]




Reply Meaning
Y (Yes) Plotting is required for 7; value. Mach numbers

to be plotted will now be listed.

N (No) Do not produce the plot for this value of T

A (All) Plot all the data given for 7;. Use this when the
Mach number values are known and plots for all 7,
are to be produced.

E  (End) Exit from height plotting and hence from program,

Question B5 : MACH = Mj ?
This question is asked onlv 1f the replv to Question BS was 'Y'.

Reply Meaning

Y (Yes) Plot a curve for this Mach number.

N (No) Skip this Mach number.

A (AlD) Plot curves for all remaining Mach numbers for
current .

E (End) Skip remaining Mach numbers and go to the next Tj .

The output file P2,PLT contains the requested plots and is sulritted to
the off line plot queue.




5.3 OEtion 4c

This option produces plots of Yopt versus energy state E, for contant?
values. The output is written onto the plot file P2,PLT which can be submitted
to the plot queue.

Examples of dialogues running this option are shown in Figures
10.9 and 10.12.

Question Cl : DATA BASE FILENAME:

Replv with the name (up to 10 characters) of the numerical output file
from PI1V2. Program P2V2 will echo the following message on the terminal:

*** DATA ARE IN U UNITS, ENERGY PARAMETERS IS %k
*x%x CONSTANT INC., OF I kxoex

where U 1s IMPERIAL or SI
is PS or PS/WF or PS.V/WF or PS/V
1s TURN RATE or LOAD FACTOR

[

Question C2 : SCALE IN UNIT/INCH OF PLOT
ES, PS :

Replv with the amount of phvsical quantity which one inch of plet would
represent on each axis. FE Is plotted along the x axis and + is plotted along
the v axls.

Question C3 : PS MIN VALUE, PS AXIS LENGTH (INS)

Replv with the approximate minimum x value of interest and the length of
the v axis .in inches).

Question C4 : REPLY "YES", "NO", "ALL'" OR "END"

- = z ?

1

Where 7 is TURN RATE or LCAD FACTOR as appropriate.

Replies and meanings are indicated below,

Reply Meaning

Y (Yes) Plot a curve of (Eg, ¥) points for this Zj.

N (No) Do not plot a curve and try next I .

A (A1) Plot curves for this and subsequent I, .

E (End) Skip the remaining Z, and hence exit from program.

The output file for option 4C is P2.PLT, a plot file which must be
submitted to the off-line plot queue,
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5.4 Oetion 4D

This option produces differential ¢ contour data on a Mach number, T
grid at selected values of : (turn rate or load factor). The versions of ACRAFT
appropriate to the two different aircraft are run using their respective data
files with identical altitude, Mach number and load factor (or turn rate) grids
as in option 4A, and then subtracting the data at the grid points when running
P2V2. The output is written on three files P24A1 ,CON, P24A2.CON and P24DIF.CON
which will have to be processed by P4V2,

An example of dialogue running this option is shown in Figure 10.15.
Question Dl : DATA BASE FILENAME:

Reply with the name {up to 10 characters) of the appropriate numerical
output file {logical unit 8) created by PIV2 for the first aircraft. After

reading the header on the file program P2V2 echoes, as in option 4A, details of
the options selected when running PIV2.

Question D2 : REPLY "YES", "NO", "ALL" OR "END"

OUTPUT DATA FOR 3 = ;7

Replv to this question is the same as for option 4A. The load factor (or
turn rate) selection applies both to the base file and to the comparison file
considered. This question is repeated for all values of selected when the
loop 1is exited.

Question D3 : COMPARISON FILENAME:

Reply with the name of the output file (logical unit 8) created by PIV2
for the second aircraft (comparison aircraft) to be compared with the first
aircraft (base aircraft). Data files are considered to be valid for comparison
if when running ACRAFT the grid points selected are identical, and the type of
energy parameter and units chosen are the same; other parameters such as power
setting, wing sweeps, nozzle deflection and atmosphere type are not checked.

Output for this option is in ASCII mode on three files P24Al.CON,
P24A2 .CON, P24DIF.CON which can be used as input for processing by P4V2,
P24A1 .CON is the same as would be produced by running option 4A with the same
replies using the base aircraft data file as input. P24A2.CON is the same as
would be produced by running option 4A using the comparison aircraft data file
as input, P24DIF.CON is the file used when running P4V2 to generate the
differential contour plots.

5.5 Option 4E

In Reference 1 this option produced differential MMD plots. This option
was not implemented when the programs were restructured and extended as it was
felt the amount of programming effort required was not in proportion to the
usefulness of the plots presented. The code used in Reference ! is still
available and this option could be implemented if required at a later date.
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5.6 Option &4F

In Reference i this option provided an interactive aid for maximum
manoeuvre persistence where the user provided data obtained from the output file
of option 4C to calculate the number of turns an aircraft could make before
running out of fuel. This option was removed because it was felt those
calculations were better handled off line with a calculator.

5.7 OEtion 4G

This option creates a file P24G.CON which can then be processed by
program P4V2 to produce contours of » on a Mach number (x axis), ¢ (y axis) grid
at selected values of <.

An example of dialogue running this option is shown in Figure 10.17.

Question Gl : DATA BASE FILENAME

Reply with the name (up to 10 characters) of the appropriate numerical
output file from PIV2. After reading the header on the file, program P2V2 will
echo the following:

*** DATA ARE IN U UNITS, ENERGY PARAMETER IS X ***
k%% CONSTANT INC. OF I *¥*

where U 1s IMPERIAL or SI
X is PS or PS/WF or PS.V/WF or PS/V

¥

S 1s TURN RATE or LOAD FACTOR

Question G2 : REPLY "YES'", '"NO'", "ALL" OR "END"

OUTPUT DATA FOR T = T, ?

Reply of 'Y', 'N', 'A', or 'E' indicates as follows

Reply Meaning

Y (yes) Output data for contour plot at T = 1;is required.
N (no) No output data required for : = 1;.

A (all) Output data required for all t;.

E (end) Exit from loop and program P2V2,

Do not output data for or any subsequent 1;

Question G2 is repeated for all values of - selected unless the loop
is exited.

The output 1is written onto the file P24G.CON for input to program P4V2,
P24G.CON is an ASCII file and mavbe printed, although it is not easy to read but
suitable for debugging purposes.
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5.8 Option 42

This option creates a plot file P2.PLT for plotting the energv parameler

. x versus Mach number for lines of constant ~ as well as .' versus Mach number
% for lines of constant .. One page of plots is produced for each requested .
]
1 An example of dialogue, running this option is shown in Figure 10.21.
Question Z1 : DATA BASE FILENAME:
Reply with the name of the appropriate numerical output file from PIV2,
Prcgram P2V2 echoes the following message on the terminal:
*** DATA ARE IN U UNITS, ENERGY PARAMETER IS . %%
*%% CONSTANT INC. OF 1 ik
where U , % and ’ are appropriately defined as for option 4B,
Question Z2 : REPLY "YES", "NO', "ALL" OR "END"
HEIGHT = 7; ?
One page of curves is plotted for each height selected. Replv as for
question B5S
Question 23 : [ = 3, ?
This question is asked only if the answer to question Z2 is yes.
Reply as for question B6 with Mach number being appropriately replaced by
in the discussion.
The output file for option 42 is P2.PLT, a plot file which must be
1 submitted to the off line plot queue. The scales for this option are fixed.




6. PROGRAM P4V2 USER'S GUIDE

The inputs to program P4V2 consist of data files created by program P2V2
when choosing options 4A, 4D and 4G,

A selection is made when running P4V2 using terminal inputs of data to be
plotted. Numerous examples are shown in Chapter 10,

The sole output of the program P4V2 is the plotter file P4.PLT.

6.1 OEtion 4A

Examples of dialogues running this option are shown in Figures
10.1 and 10.4.

Question 1 : INPUT FILENAME

Reply with the name (up to 10 characters) of the appropriate file
generated by option 4A in program P2V2. The file P24A]1.CON created by P2V2 mav
be renamed before running P4V2, (P4V2 will still know which option produced it)
P4V2 will then echo on the users terminal the following options selected in
Plv2:

*** DATA ARE IN U UNITS, ENERGY PARAMETER IS y ¥***
*** CONSTANT INC. FOR I **%%

Where (as appropriate)
U 1s IMPERIAL or SI
\ is PS, PS/WF, PS.V/WF or PS/V
T is LOAD FACTOR or TURN RATE

Question 2 : SCALES IN UNITS/IN OF PLOT - MACH, ALT:

Reply with the amount of phvsical quantity which one inch of plot should
represent on each axis, where the x axis represents Mach number and the y axis
represents pressure altitude or energy state. (As a rough guide use .2 to .4
units/inch for the Mach number and 10000 ft/inch for the altitude).

Question 3 : SMOOTHED AND TEXTURED CONTOURS:

Reply with "Y" for the contour points to be joined by a cubic spline,
meaning contours will have continuous Ist and 2nd derivatives.

Reply with "N" for the contour points to be joined by straight lines.

If the grid size is small there is little or no difference between
smoothing and non~smoothing (So it is better to select non-smoothing as this
will speed up execution time).

Question & : PLOT ES CONTOURS?

Reply with "Y" (yes) or "N" (no) where yes signifies that dashed lines
of constant energy state will be superimposed on the requested plots.




guestion 5 : CONTOUR LEVELS - START, STEP, NO:
This question is only asked if energy state contours are required.

Reply with the minimum Eg, the increment in Eg between contours and
the number of Eg contours required,

These values should be in the appropriate units (as a rough guide use
5000ft for the start and step values and 20 for the number of steps),

Question 6 : PLOT £ = [,
7 is either LOAD FACTOR or TURN RATE as appropriate.

Reply with "Y" (ves) or "N'" (no) where yes signifies that a new page of
plots be set up for the required <5 If the reply is no, the question is
repeated for the next ;.
Question 7 : CONTOUR LEVELS - START, STEP, NO:

1f the reply to question 6 was "yes' then this question is asked for the

page of plot for each requested ;.

Reply with the x value of the lowest valued contour to be plotted, the
increment between contours (must be positive) and the number of contours (>C and
< 50).

These values should be in the appropriate units depending upon
both U and ©+ . As load factor increases, more negative contours shiuld be
plotted.

After the last value of 7 is processed, an informative message "END OF
DATA ON LOG5" is typed on the terminal, it does not indicate an error
condition.

After question 7 is repeated for each & value for which data exists, P4V2

ceases execution and the output plot file P4,PLT may be placed on the off line
plotter queue.

6.2 Ogtion 4D

An example of dialogue running this option is shown in Figure 10.15.

Replies for this option are very similar to those of option 4A for one
aircraft. The only difference is that requests for contour levels now refer (o
the difference between the two aircraft at each grid point. The aircraft
referrred to by program P2V2 as the DATA BASE will be indicated by positive
contours and that referred to as the COMPARISON will be indicated by negative
contours. Full identification headers are included on the plotted output on
file P4.PLT.




6.3 Option 4G

An example of dialogue using this option is shown in Figure 10.17.

Question 1 : INPUT FILENAME

The name of the file created by program P2V2 when using option 4G is
P24G.CON but this file can be renamed before running P4V2, See Paragraph 6.1
for the meaning of the prompt message.

guestion 2 : SCALES IN UNITS/IN OF PLOT - MACH, TR/LF:

Reply with the amount of physical quantity which one inch of plot should
represent on each axis, where the x axis represents Mach number and the y axis
represents either turn rate or load factor, (As a rough guide use .2 to .4
unit/inch for the Mach number, and 4 deg/sec/inch for the turn rate)

Question 3 : SMOOTHED AND TEXTURED CONTOURS:

Reply with 'Y' or 'N' as for question 3 of option 4A.

guestion 4 : PLOT LOAD FAC. /TURN RAD. GRID ?

This question 1s only asked if I is turnrate,

Reply with 'Y' (ves) if a background grid of constant load factor lines
and constant turn radius lines 1s desired for each page of plot., The grid 1is
appropriately modified to sult the unit system selected.

Any other reply will be interpreted as no.

guestion 5 : PLOTH = 1,7

Reply with "Y' (yes) if a new page of contours is to be set up for the
required height.

Any other reply 1s interpreted as no and the gquestion 1s repeated for the
next height value.

Question 6 : CONTOURS LEVELS - START, STEP, NO:

If the reply to question 5 was '"'yes" then this question is asked for the
page of plot for each required height.

Reply as for question 7 of option 4A.
After question 6 1s repeated for each height value for which data exists,

P4VZ ceases execution and the output plot file P4.PLT can be placed on the off
line plot queue.




7. PROGRAM ACRAFT DESCRIPTION

7.1 Loading of Program on DEC System-10

The commands for loading program ACRAFT and saving a core image on disk
on DEC system 10 are:

. LOAD  ACRAFT, P1V2, PILIB/SEARCH, PAC2IN/SEARCH
. SAVE ACRAFT

The SAVE command on the DEC system10 creates an executable version of
the program.

The file ACRAFT contalns all the user defined routines which are
different for each ailrcraft, whereas the service routines in PIV2 are general
and applicable to all aircraft. PILIB includes routines for use with spline
fitted data {Reference 3) whereas PAC2IN contains routines for use with the
tabular format data of a PACAM? aircraft data file (Reference 2).

The routines contained in each of these files are listed in the following
table and described in this Chapter.

ACRAFT MAIN BLOCK THRUST AEROMX GETALF AERO GETCD GETCDA
GETCDCL XSPMIN XSPMAX YSPMIN YSPMAX

PIvV2 PIIN BADINP TABLE ATMOS INTRP HEIGHT HTRUE IDENT
P1OUT BININ ALTIT PARAMS MAXMAN SEP PIOUTA MONGEP

PILIB SURF CUBICS CHECKD SPDER3 ROMIN

PACZIN PAC2IN TABIN PACINT FIND DINTRP PACDER

- 7.2 File ACRAFT

7.2.1 ACRAFT MAIN Program

This 1s a small routine which calls Pl1IN for program input and TABLE tc
start calculation of aircraft performance parameters.

7.2.2 BLOCK DATA

+ Defines the data in the COMMON blocks. The data i1n COMMON C represents
atmospheric profiles, text constants and other numeric constants; the dats 1in
COMMON USER is defined by the user for use in the aircraft dependent routines.
The contents of all the COMMON blocks are listed in Appendix 6 of Reference 1.
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7.2.3 THRUST Subroutine

THRUST is an aircraft dependent routine supplied by the user and is
called by soubroutine TABLE or SEP (in P1V2).

In THRUST, values of gross thrust (and lift loss in the case of vectored
thrust aircraft) are determined and transmitted through COMMON USER to the user
defined subroutines AERO and AEROMX.

] Fuel flow and maximum Mach number are also calculated in THRUST and

‘ supplied to P1V2 through COMMON B. Since THRUST is user defined its form will
depend on the nature of the data available. The following three examples
demonstrate the flexibility of this approach.

In example 1 (Figure 7.1) spline coefficients have been derived from
original data for net thrust, ram drag and fuel flow expressed as dimensional
functions of height and Mach number. The data was available for two power
settings (intermediate and augmented) and an ICAO atmosphere. The spline
coefficients were derived using program SPLFIT.EXE (see Reference 3) and stored
in the binary file ENGIN.BIN which is then accessed in THRUST by calls to SURF.

In example 2 (Figure 7.2) spline fitting techniques were applied to
tables of gross thrust, net thrust and fuel flow data, available in normalised
form as functions of height and Mach number; an additional parameter, lift loss
coefficient, was expressed as a function of jet velocityv ratio and nozzle
deflection angle.

Example 3 (Figure 7.3) illustrates the case where the data is accessed
from an ASCII file with tabular format. Using the routines from PACZIN, gross
thrust, ram drag and fuel flow are linearly interpolated for the desired
altitude, Mach number and power setting.

7.2.4 AEROMX Subroutine

AEROMX 1is a user defined routine called by subroutine TABLE or SEP,

For a given Mach number, AEROMX returmns, to P]V2, through COMMON B, the
maximum usable 1i1ft coefficient together with the corresponding angle of attack
and total lift, :

Other aerodynamic information dependent only on height and Mach number
can also be determined in AEROMX (e.g. incremental store drag and other
aerodynamic coefficients) and transmitted to the other user defined routines
through COMMON USER. An example 1is shown in Figure 7.4,

7.2.5 GETALF Subroutine

GETALF 1s a user defined routine called by AEROMX.

For a given lift coefficient C; passed through COMMON USER and a given
Mach number M transmitted through COMMON B, subroutine GETALF will return the
corresponding angle of attack x.

In the example of Figure 7.5 starting with an initial estimate of angle
of attack a Newton Rahpson method is used to evaluate successive approximations
of 1i1ft coefficient obtained from a call to SURF which returns Cp(a,M).




7.2.6 AERO Subroutine

AERO 1s a user dependent routine called by TABLE or SEP that returns
through COMMON B, values of total drag and effective thrust.

In the example given in Figure 7.6 an initial estimate of the angle of
attack 1s made and a Newtonian iteration is used to caluculate, for a given Mach
number, altitude and load factor, the trimmed angle of attack and lift
coefficient using the curve fitted data stored in array E. Effective thrust and
total drag are then calculated.

7.2.7 GETCD Subroutine

GETCD 1s a routine called by AERO to determine the drag coefficient
(including incremental store drag) for a given lift coefficient and Mach number,
This can be done in varicus wavs depending on the data avallable, as shown 1n
Figures 7.7 and 7.8,

7.2.8 GETCDA Subroutine

The purpese of GETCDA 1s to return the drag coefficient and angle of
attack, given Mach number and lift coefficient. This can simply be done by
calling GETALF and GETCD as shown in Figure 7.9,

This routine 1s required 1f the user wishes to run program PC2P! to use
the spline fitted data created for PIV2 to make up an ailrcraft file for PACAM2.

7.2.9 GETCDCL Subroutine

For a given Mach number (passed through COMMON B) and a given angle of
attack (passed through COMMON USER) GETCDCL determines the lift coefficient and
then the drag coefficient.

In the example shown in Figure 7.10, Cy 1is determined by a call to SURF

to access the first spline stored in array E representing Cy(3,M); Cp 1s
then evaluated by a call to GETCD. Another example as shown in Figure 7.I1.

7.2.10 XSPMIN and XSPMAX Functions

XSPMIN and XSPMAX are used 1n all the user defined functions; theyv
respectively return the lower and upper bound of X, stored in the two
dimensional spline. These functions are shown in Figure 7.12.

7.2.11 YSPMIN and YSPMAX Functions

Equivalent to 7.2.10 but for the Y variable.




7.3 File P1V2 (Pl Version 2)

7.3.1 PlIN Subroutine

PlIN controls all input data. All aircraft-independent parameters
defining the type of calculations required are accepted in conversational mode,
with validitv checks where possible. Aircraft-dependent data is read from disk
via a call to IDENT.

This subroutine has been slightly modified to allow for the additional
options: turn rate variable and fourth energy parameter. The modifications are

labelled K3, K4, K5 in the program listing.

7.3.2 BADINP Subroutine

BADINP tvpes out an error message on the user's terminal. It :s used to
check input val:idity during conversational 1nput operations.

This subroutine has not been changed.

7.3.3 TABLE Subroutine

TABLE controls the calculation and output of the unoptimised
manoeuvrabilitv grid using the following grid variables:

T being energv state or pressure altitude depending on the input
request.

. Mach number.
I being load factor or turn rate depending on the 1input reguest.

The principal outputls are now:

. Energy parameter : Pg or Pg/wg or PgV/wg or Pg/V,

. Turn rate (if I is load factor) or load factor (if & is turn rate).
The load factor and turn rate corresponding to the maximum lift
boundary.

The subroutine has been modified in Version 2 to allow for the additional
options (turn rate grid variable and fourth energy parameter) and to calculate
specific excess power P, using gross thrust rather than net thrust (see
Chapter 3 for more details). The modifications are labelled K2, K3, K4, K5 in
the program listing.

7.3.4 ATMOS Subroutine

ATMOS calculates atmospheric parameters, giving temperature as a function
of pressure height 1in either ICAO or ARDU Atmospheres.

This subroutine has not been changed.

7.3.5 INTRP Subroutine

INTRP is a linear interpolation, returning ordinate and gradient
information,

This subroutine has not bee changed.

[28]




7.3.6 HEIGHT Subroutine

HEIGHT calculates the geopotential height corresponding to a given
pressure height 1n the nominated atmosphere.

This subroutine has not been changed.

7.3.7 HTRUE Subroutine

HTRUE calculates the true height for given atmospheric parameters.

This subroutine has not been changed and is explained more fully in
Reference 1|,

7.3.8 IDENT Subroutine

IDENT is an input subroutine which reads the aircraft identification
data file.

It has been modified to allow the option of either:

. calling BININ to read binary records from an engine data file 1into array
F and an aerodynamic data file into array E.
calling PAC2IN to read a PACAM2 ASCII data file (engine and aerodvnamic
tables) into arravs E and F. (See Paragraphs 7.1 and 7.5 for more
details)

7.3.9 PIOUT Subroutine

PIOUT provides output control for unoptimized performance calculations.
A text-formatted output file 1s produced for printing and an alphanumeric output
file 1s produced for 1nput to program P2V2,

This subroutine has been modified to print the lift limit boundaries, and
to allow for the extra option of the energy parameter P /V and the alternative
option of a turn rate grid, The modifications are labelled K2, K3, K4, K5 1in
the program listing.

7.3.10 BININ Subroutine 4

BININ reads data into a nominated storage area from a specified disk
file. This file must consist of a sequence of binary records, with the first
word in each record being the number of data items in that record.

This subroutine has not been changed.

7.3.11 ALTIT Subroutine

ALTIT performs a Newton iteration to determine pressure height hp and
other atmospheric quantities, when the independent variables are energyv state
E; and Mach number.

This subroutine has not been changed and is described in detail 1in
Reference 1.
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7.3.12 PARAMS Subroutine

PARAMS calculates airspeed and pressure parameters.

The iritial angle of attack estimate for each aircraft trim calculatior
has now been removed from this subroutine and added to the user defined
subroutine AERD,

i 7.3.13 MAXMAN Subroutine
3 MAXMAN controls the calculation and output of the optimised
1 manoeuvrability grid, using energy height Eg and lead factor or turn rate as

grid variables., Energv parameter (Pg, P /wg, P V/wg or Pg/V) 1s
opticmised by varving Mach number, and a simple Euler integration 1s performec at
! each energyv state to estimate a climb time historv.
This subroutine has been modified to allow for the additional option of
the energv parameter P /V and the option of a turn rate grid variable. The
modi1fications are labelled K5 and K& 1n the program listing.

r 7.3.14 SEP Subroutine

SEP calculates the energy parameter (P_, P_/wf, P_V/wi or »_/V)
for the coptimised grid.

This subroutine has been largelv rewritten. The calculation of P_ has

Seer 1mrroved and the subroutine now allows for the additional options
availabie. The modifications are labelled K3, K5, K& 1n the listing.

TL3.15 PIDOUTA Sutroutine

PIOUTA provides output control for optimized performance calculations, 1in
a like manner to subroutine PIOUT,

This subroutine has also been modified to allow for the additional
options available. The medifications are labelled K3, K5, K8 in the pregram
listing.

7.3.16 MONSEP Subroutine

MONSEP 1s a routine called bv ROMIN to monitor the convergence of the
energy parameter optimilsation.

This routine has not been altered and 1s described in detail 1in
Reference |.
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7.4 Subroutine Librarv PILIB

This subroutine librarv 1s exactly the same as described in Reference |,
It contains routlnes for curve fitting and optimisation which are explained 1n
detail within the program listing and are described very briefly here for
completeness.

7.4.1 SURF Subroutine

SURF takes spline fit information representing a surface stored in vector
form and provides at the grid point (x,y) the function z = f(x,y) and, 1f
requested, 1ts lst and 2nd order derivatives. The spline data represent knots
and B-spline coefficents for least square curve fits of z against x for discrete
values cf v,

7.4,2 C(CURICS Subroutine

CURICS applies a least-squares cubic spline fit of B-splines to welghted
data points with selected knots., In the present task, CUBICS 1is only required
to fit a simple cubic to four points; hence the fit 1s exact, all weights are
unitv, and no external knots are required.

7.4.3 CHECKD Subroutine

CHECKD checks the validity cof data supplied to subroutine CUBICS for
curve fitting.

7.4.4 SPDER3 Subroutine

SPDER3 evaluates the cubic spline f(x) and 1ts first derivative dflix’/dx,
based on normalised B~spline coefficients and associated knot positions.

7.4.5% ROMIN Sybroutine

ROMIN finds the local minimum of an unconstrained functioa of n
var:ables.

7.5 Subroutine Librarv PAC2IN

This subroutine librarv contains utility routines for use when the data
files provided are 1n ASCII tabuliar format,

7.5.1 PAC2IN Subroutine

PAC2IN 1s a new routine which has been added to read the relevant
information of a PACAM2 aircraft data file which consists basically of values of
military and after-burner thrust, fuel flow and ram drag stored in arrayv forn
with Mach number and altitude as arguments. Aerodvnamic data in the form of
drag coefficients and angle of attack are also read in using Mach number and
11ft coefficient as arguments.




Hence PAC2IN first reads 1in the number of altitude, Mach number and lift
3 coefficient arguments for which data will be read. The actual values of the
altitudes, Mach number and 1li1ft coefficient arguments are then read followed bv |
the maximum Mach number for each altitude argument and the maximum C; for each
Mach number argument. Tabulated values of military thrust, after-burner thrust,
military fuel flow, after-burner fuel flow, and intake momentum drag are then
read for the values of the altitude and Mach number arguments listed and entered
k into array F via calls to TABIN,

Finally values of drag coefficient and angle of attack for the listed
values of the M and C| arguments are entered into array E via calls to TABIN,

7.5.2 TABIN Subroutine

R D

TABIN transfers data into a nominated internal storage area from a
specified disk file. Although presentlv this file is in ASCIT and has the
format of a PACAM a:rcraft data file (doubly dimensioned table), the adaptation
to a different tabulated format could be easily accomplished.

7.5.3 PACINT Subroutine

PACINT 1s a double linear interpolation routine. Given a variable (e.g. |
thrust) that 1s tabulated as a fun:ztion of two independent arguments (e.g.
Mach number and altitude), a value for this variable at any set of entries is
determined by double linear interpolation between adjacent tabulated points,

7.5.4 FIND Subroutire

; FIND will return the position, within a single dimensioned ordered array,
‘ of the tabular argument above the 1nput variable.

7.5.5 DINTRP Subroutine

1’ y:)

z = f(x., yl) Z,5 = f{x,, yz)

= f(x

N
|

V‘ N = £y .
] Given 24; DXy, Yy

ro
()

DINTRP will perform a double linear interpolation and return z = f(x,v).

7.5.6 PACDER Subrou®ine

For a variable z that 1s tabulated as a function of two independent
arguments x and v, PACDER determines a value for z and 1ts derivatives with
respect to x and v at anv set of entries (x,y).




SUBROUTINE THRUST

C WRITTEN BY VR ARL 1983,
C THRUST RETURNS FOR GIVEN HFIGHT /MACH NO. -
¢ (1) WF =FUEL CONSUMP. ( TO P! THRU COMMON ‘B/ )
C (2) XMLIM-MAX. MACH ALL.( " " " )
C (3) FN  =NET THRUST ( ONLY TO AFRO,AEROMY THRU COMMON “USFR/)
[ (4) FG  =GROSS THRUST ( oo " " " "
o (5) RD  -RAM DRAG ( oo " " " N
C MUST BE CALLED BEFORE EITHFER AFRO OR AEROMX ARF CALLFD
PARAMETER NUMENGa]
COMMON /B/ B(20N)
COMMON /C/ €(200)
COMMON /FDATA/ F(2000)
COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA,CDS
EQUIVALENCE ¢ oLBC 3)) ¢ HP LB )0, voRC 4,
1 ( PLA,BC IS)),
1 ( SREF,B( 16)),( WF,B( 423),{ DIM,R(4Q }),
3 ( XMLIM,BC 61)),{ TIERR,B( 733)
EQUIVALENCE  ( G,C(39)N
C ORDER OF SPLINES IN F IS ASSUMED TO BE =
c (1) NET THRUST-INT- (MACH,HEIGHT) [LRF]
o (2) ENGINE RAM DRAG-INT- (MACH,HEIGHT) [LRF’
C (1) FUEL CONS.~INT= (MACH,HEICHT) 'LRM/HR]
C (4) NET THRUST~A/B- (MACH,HEIGHT) [LRF]
o (S) ENGINE RAM DRAG=-A/B= (MACH,HEICHT) |LRAF!
c (6) FUEL CONS.~A/B~ (MACH,HEIGHT) [LRM/HRI
C CHECK IF A/B OR INTERMEDIATE POWER REOUEST ~
C IF NOT STOP WITH APPROPRIATE MESSAGR
NG w2
IF(ABS(PLA=-200.).LE..00L) GOTC 0
IF(ABS(PLA-100.).LE..001) GOTD 20
TYPE 7S ,FLA
75 FORMAT(“ CANNOT PROCESS ‘,FS5.2,° % THRUST RECUFST YET')
STOP
C A/B POWER S0 READ THRU TO START OF A/B SPLINES
10 DO 11 I=1,3
NJ = NJ 4 F(NJ-1) + .00

i CONTINUE
C IF INTERMEDIATE POWER REOUEST ALREADY AT START OF INT SPLINES

C SET NOMINAL MACH NO, LIMIT
20 XMLIM = XSPMAX( F(NJ) )

C FIND NET THRUST,FN.
CALL SURF(F(NJ),XM, HP,FN,Dl,D2,D3, IERR)
IF(IERR.NE.0) GOTO 900
FN = FN*NUMENG

C FIND RAM DRAG,RD.
NJ = NJ + F(NJ~1) + .00!
CALL SURF(F(NJ),XM,HP,RD,DI1,D2,D3, IFRR)
IF(IERR.NE.0) GOTO 900
RD = RD*NUMENG
FG = FN + RD

C FIND FUEL CONSUMPTION,WF.
RJ = NJ+F(NJ-1)+.001
CALL SURF(F(NJ),XM,HP,WF,D!,D2,D3, IERR)
IF(IERR.NE.0) GOTO 900
WF = WF * NUMENG

900 CONTINUE

RETURN
END

FIG. 7.1 Example 1 of Subroutine THRUST
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SUBROUTINE THRUST

WRITTEN BY VR ARL MARCH 1983

THRUST RETURNS FOR GIVEN HFIGHT /MACH NO. -
(1) WF  ~FUEL CONSIMP. ( TO Pl THRU COMMON /R/ )
(2) XMLIM-MAX. MACH ALL.( " " " " ")
(4) FG  -GROSS THRUST ( " W ow " " "
(5) DELTL-LIFT LOSS (" w o on " " " "
(6) RD  —-RAM DRAC (¢ » wooom " " " "

MUST BE CALLED BEFORE EITHER AERO OR AEROMX ARF CALLED

C

c

c

c

c (3) -NET THRUST ( ONLY TO AERO,AFROMX THRU COMMON /[UISFR/)
C "

o

C

C

PARAMETER AJ = 6.38
REAL JVR, LRR,X!,K2
comMoON /B/ B{100)
COMMON /FDATA/ F(2000)
COMMON /USER/ FN,FC,RD,CLT,CD,ALPHA, DFLTL,THETAE,

INOZZLE ARFA (FTww))

1 CLO, WCLDA,K],K2,CDO,CLCRIT,CDS

EOUIVALENCE  (  XM,B( 3)),( T,B( 4)).,(  HP,R( 6)),
1 (P JBC TN, AIN,RC 13)),

! ( SREF,B( 16)),(  WF,B( 42)),( DIM,R(49 )),
3 ( XMLIM,B( 61)),( IERR,R( 75))

ORDER QF SPLINES IN F IS ASSUMED TO BE -
(1) [NORMALIZED] GROSS THRUST-COMBAT=- (MACH HEIGHT)
(2) [NORMALIZED] FUEL CONS.-COMBAT- (MACH,HFRIGHT}
(3) [NORMALIZED] NET THRUST-COMBAT- (MACH,HFIGHT)
(4) LIFTLOSS/FG RATIO (JVR,ANG OF NOZZLE DFF)
POWER LEVEL FOR AIRCRAFT IS ASSUMED TO ALWAYS B8E COMBAT.

OO0

(@]

CALCULATE NORMALIZING FACTORS - PDPO = P/PO, TDTO = T/T0O
PDPO = P/2116.22
TDTO = T/288.15

C SET NOMIBAL MACH NO. LIMIT
XILIM = XSPMAXN( F(2) )

C FIND GROSS THRUST FC FROM SPLINE THEN UN-NORMALISE
NI = 2
CALL SURF(F(NJ),XM,HP,FG,D1l,D2,D3, IERR)
IF(IERR.ME.O) GOTO 200
FC = FG*PDPO

C FIND FUEL CONSUPTION WF FROM SPLINE THEN UN-NORMALISF
NJ = NJ4F(NJ-1)+.001
CALL SURF(F(NJ),XM, HP,WwF,DI,02,DN3, IERR)
IF(IERR.NE.O) GOTO 900
WF = WF*PDPO*SORT(TDTO)

C FIND NET THRUST FROM SPLINE THEN UN-NORMALISEF!.
NJ = NJ+F(NJ=1)+.001
CALL SURF(F(NJ),XM,HP,FX,Dl,D2,D3, IERR)
IF(IERR.NE.0) GOTO 900
FN = FN*PDPO

C CALCULATE RAM DRAG RD
RD = FGC -~ FN

C FIND LIFT LOSS RATIO(LRK) & CALCULATE LIFT LOSS(DELTL)
DELTL = 0.0
IF (XM.LT. 1E-4) GOTG 900
N o= NJ + F(NJ-1) + .001
JVR = SORT((FG*SREF)/(2.0*DIM*AJ)) tJET VEL. RATID
JVR = AMINI(JVR,XSPMAX( F(NJ) ))
AJNI=AMINI(AJIN, YSPMAX(F(NJ)))
CALL SURF(F(NJ),JVR,AJN],LRR,D1,D2,D3, IERR)
IF(IERR.NE.O) COTO 900
DELTL = LRR * FG
900 CONT INUE
RETURN
END

FIG. 7.2 Example 2 of Subroutine THRUST
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SUBROUT INE THRUST

C THRUST RETURNS FOR GIVEN HEICHT /MACH NO. -

C (1 WF ~FUEL CONSUMP. ( TO Pl THRU COMMON /B/ )

C (2) XMLIM-MAX. MACH ALL.( " " " ")

o4 (3 FN =NET THRUST ( ONLY TO AERO,AEROMX THRU COMMON /USFR/)
c {4) FG -CROSS THRUST ( " " * " h ° " )
C (5) RD =RAM DRAC

< (%) IXM =~INDEX S.T. VMARG(IXM=]) < XM <= VMARG(IXM)

C M%ST BE CALLED BEFORE EITHER AERO OR AFROMX ARE CALLED

COMMON /B/ B(200)

COMMON /FDATA/ F(2000)

COMMON /USER/ U(10)

DIMENSION HARG(20), VMARG(20), VMTOP(20)

EQUIVALENCE  ( ™M,BC 3N, ( TLRC W) HP,B(C A,
1 (p BC T, AJN,BC 13N, PLA,BC 15)),
! ( SREF,B( 16)),¢( WF,R( 42)),(  DIM,R(49 1),
3 ( XMLIM,B( 61)),( IERR,B( 75))

EOUTVALENCE  FNUC 1) ( FC,U(C 2)),(  RD,UC 30,

1 ¢ 1M,UC100)

EQUIVALENCE ( NAJF(1 )N, ( NM,FC 2)),{ HARG,F( 3)),

1 ( VMARG,F(23)),( VMTOP,F(43))

FINTRP(X, X1, Y1, X2, Y2)mY1+(X=X1)*(¥2=Y1)/(X2=X])

ASSUMES A PACANM2 A/C DATA FILE.

ASSUMES F CONTAINS -
(1) NA -NO. 0OF ALTITUDE ARGS
(2) W™ =-NO. OF MACH ARGS

(3) HARG ~-ARRAY OF ALTITUDE ARGS

(4) VMARG ~ARRAY OF MACH ARGCS

(S) VMTOP -ARRAY OF MAX MACH({ ALT)

(6) THRMP ~TABLE OF MIL. THRUST(MACH,ALT!®

(7Y THRAB -TABLE OF A/B THRUST(MACH,ALT)

(9) DINM  -TARLE OF RAM DRAG(MACH,ALT?

(9% FCMP -TABLE OF MIL, FUEL CONS.(MACH ,ALT
(1DYFCAR  =TABLE OF A/B FUEL CONS,(MACH ALT)

LAY O Ca (2 G0y 0 O)

[Ny

)

TIND IXM, WP
CALL FIND( ™ARGC,NM, XM, 10D
CALL FIND(HARG,NA,HP, IHP)

2 FIND MAX MACH NO. FOR THIS ALTITUDE
XMLIM = FINTRP(HP,HARG(IHP=1),"MTOP(IHP=|) HARC(THP,
1 VMTOP( IHP))

(g]

FIND GROSS THRUST :FG
N = 63 'POINTER TO CURPFENT TABLE IN F
FOMIL = PACINT(XM,HP,VMARG,HARG,F(%J), TXM, THP, MM NA)
NJ = NJ o+ NA®NM
TF(PLA.CT. 10C.) GOTO 10

C INTERPOLATE FROM O TO MIL POWER RATING

FG = FINTRP(PLA,O0.,0.,100.,FCMIL)

GOTO 20
C INTERPOLATE BETWEEN MIL POWER & A/B POWER
10 TGAB = PACINT(XM,HP,VMARG,HARG,F(NJ), IXM, ITHP,NM NA)

FG = FINTRP(PLA, 100.,F®MIL,200.,FGAB)

C FIND RAM DRAG - INTAKE MOMENTUM DRAG
20 NI = NJ ¢ NARNM
RD = PACINT (XM,HP,VMARG,HARG,F(NJ), XM, THP, NM, NA)

C CALCULATE NET THRUST :FN
FN = FG ~ RD

C FIND FUEL CONSUMPTION :WF
NJ = NJ + NA®RNM
WFMIL = PACINT(XM,HP,VMARG,HARG,F(NJ), IXM, IHP, MM NA)
IF{PLA. GT. 100.) GOTO 50
C INTERPOLATE BETWEEN 0 & MIL POWER
WF w FINTRP(PLA,0.,0.,100.,WFMIL)

GOTO {00
C INTERPOLATE BETWEEN MIL POWER & A/B POWER
50 NJ = NJ + NA*NM

WFAB = PACINT(XM,HP VMARG,HARG,F(NJ), IXM, THP, "M NA)
WF = FINTRP{PLA,100.,WFMIL,200.,WFAB)

C
100 RETURN
END

FIG. 7.3 Example 3 of Subroutine THRUST
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SUBROUTINE AEROMX

AEROMX FINDS FOR A GIVEN HEIGHT & MACH NO.

(1) CLMAX

(2) ALPMAX - ALPHA CORRESPONDING TO CLMAX

(3) TLMAX <-TCTAL LIFT CORRESPONDING TO CLMAX

(4) Cps =-STORE DRAG COEF.( PASSED THRU /USER/ TO AFRO)

AEROMX ASSUMES A CALL HAS BEEN MADE TO THRUST PRIOR TO ITS CALLING.
AEROMX MUST BE CALLED BEFORE AERO IS CALLED FOR THAT PARTICULAR HFIGHT/
MACH NO. COMBINATION.

VR ARL APRIL 1983

ASSUMES ORDER OF SPLINE FITS IN F IS -

(1) CL(ALPHA,MACH)
(2) CLMAYX(MACH)
(3) CDL(CL,MACH)
(4) CDO(MACH)

COMMON /B/ B(200)

COMMON /C/ €(200)

COMMON /EDATA/ E(2000)

COMMON /USER/ FM,FG,RD,CLT,CD,ALPHA,CDO,CDS
DIMENSION XMDCDS(20}, DELCDS(20)
EQUIVALENCE (RADIAN,C( 40))

EQUIVALENCE ( GN,B( 20,( ™,B(  3)),( THETALR( 13)),
1 ( W,B( 17)),( EFFT,B(41)),
1 ( D,B( 43)),( CLMAX,B( 44)),

2 (ALPMAX,B( 45)),( TLMAX,B( 48)),(  DIM,R( 49)),
3( IERR,B( 75)),( NDCDS,B( 80)),(XxMDCDS,B( 81)),(DELCDS,B(101))

FINTRP(X,X1,Y1,X2,Y2) = Y1 + (X=X1) * (Y2-Yl) / (X2-X1)

C FIND CLMAX FROM 2ND SPLINE FIT IN E

C FIND CDO FROM 4TH SPLINE IN E

C FIND ALPHA CORRESPONDING TO CLT = CLMAX

C CALCULATE TLMAX : LIFT CORRESPONDING TO CLMAX

3o

C FIND STORE DRAG

500

540
900

IERR = 0 IRESET IFRR

NJ = E(1)+2.0001 INJ POINTS TO 2ND SPLINF IN E
X = AMAX1(XM,XSPMIN(C E(NJ) ))

Y =0

CALL SURF(E(NJ),X,Y,CLMAX,D1,D2,D2, IERR) 'GET CLMAX FOR MACH X

IF(IERR.NE.O) GOTO 30

NJ=NJ+E(NJ =1 )+.001

NJ=NJ+E (NJ=1)+.001 tNJ POINTS TO 4TH SPLINF IN E
XwAMA X! (XM, XSPMIN(E(NJ)))

Y=0

CALL SURF(E(NJ},X,Y¥,CDO,DI,D2,D3, IERR) IGET CDO FOR MACH ¥

CLT = CLMAX
CALL GETALF
ALPMAX = ALPHA

TLMAX = FG*SIND(ALPMAX) + CLMAX*DIM
CNNT INUE

Chs = 0.

IF (NDCDS.E0.0) GOTO 900

IF (XM.LE.XMDCDS(1)) CDS = DELCDS(1)

IF (XM.GE.XMDCDS(NDCDS)) CDS = DELCDS(NDCDS)

IF (XM.LE.XMDCDS(1) .OR. XM.GE.XMDCDS(NDCDS)) GOTO 540

DO 450 I=2,NDCDS

IF (XM.LE.XMDCDS(I)) GOTO 500

IERR = 104

GOTO 900

™M= I-1

CDS = FINTRP (XM, XMDCDS(IM), DELCDS(IM), XMDCDS(1), DELCDS(I))
CDS = CDS * 1.0E-04 #
CONT INUE

RETURN
END

FIG. 7.4 Example of Subroutine AEROMX
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SUBROUTINE GETALF
C FINDS ALPHA FOR GIVEN CLT IN /USER/ AND XM IN /B/
C

COMMON /EDATA/ E(2000)

COMMON /B/ B(200)

COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA,CDO,CDS
EQUIVALENCE (XM ,8( 3)),( IERR,B( 75))

C USE N/R TO FIND FROM CL(ALPHA,MACH) -THE 1ST SPLINE FIT IN E -
C THE ALPHA CORRESPONDING TO CLT.
ALPHA = CLT /.0§ 1EMP. DET BEST 1ST ESTIMATE

NJ = 2 INJ POINTS TO 1ST SPLINE IN E
ASPMAX=XSPMAX(E(NJ))

IM = AMAXT(XM,YSPMIN( E(NJ) ))

DO 20 I=1,20
IERR = -1 IDERIVATIVES REQUIRED
A = AMINT(ASPMAX,ALPHR)
CALL SURF(E(NJ),A,YM,CL,DCDA,D2,D3, IERR)
IF(IERR.NE.Q) GOTO 21

CL = CL+(ALPHA-A)®*DCDA 'EXTRAPOLATE OUTSIDE RANGE
FA = CL-CLT
IF(ABS(FA).LT.1E-4) GOTO 25 1EXIT AS CLOSE ENOUGH
ALPHA = ALPHA - FA/DCDA
20 CONTINUE
21 IERR = 102 1DID NCT CONVERGE IN 20 ITZR.
25 RETURN
END

FIG. 7.5 Example of Subroutine GETALF
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SUBROUTINE AERO

AERO ROUTINE RETURNS FOR GIVEN LOAD FACTOR /HEIGHT /MACH NO. -
(1) D - DRAG
(2) EFFT - EFFECTIVE THRUST
AERO ASSUMES AEROMX HAS PREVIOUSLY BEEN CALLED TO SET UP VARIABLES DEPENDING ONLY ON
GIVEN HEIGHT/MACH NO,
SIMILAIRLY IT ASSUMES THRUST HAS SET UP PROPULSION ASSOCIATTED VAR FOR THE
GIVEN HEIGHT /MACH NO.

OO O0aa0n

C ASSUMES ORDER OF SPLINE FITS IN E IS -
c (1) CL(ALPHA,MACH)

COMMON /B/ B(200)

COMMON /C/ C{200)

COMMON /EDATA/ E(2000)

COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA,CDO,CDS

DIMENSION XMDCDS(20), DELCDS(20)

EQUIVALENCE  (RADIAN,C( 40))

EQUIVALENCE ( GN,BC 2)),( ™,B( 3)),(THETAI,B( 13)),
1 w,B( 17)),( EFFT,B( 41)),

| D,B(43 )),( CLMAX,B( uu)),

2 ( TLMAX,B( 48)),( DIM,B( 49)),( IERR,B( 75)),
3 ( NDCDS,B( 80)),(XMDCDS,3( 81)),(DELCDS,B(101))

FINTRP(X,X1,Y1,%2,¥2) = Y1 « (X-X1) ® (Y2-Y1) / {(X2-X1)
C FIND TRIMMED ANGLE OF ATTACK & CL FOR GIVEN HIEGHT,MACH & LOAD FACTOR.

C FIND CL TRIM (CLT) & ALPHA USING N/R ,ITERATING ON ALPHA

T1 = GN#W !TEMP, VAR TO SAVE CALC.
IF(XM.G2.0.0) GOTO 110
IERR = 103
GOTO 900

110 NSz 2 {POINT3 TO IST SPLINE
DCLDA = Q.09 tESTIMATE FROM GRAPH
ALPHA = T1 / { FG/RADIAN « DIM®DCLDA ) TINITIAL EST.

ASPMAX = XSPMAX( E(NJ) )
D0 120 I=1,10
IERR z -1 'REQUIRE SPLINE DERIV3
A = AMIN1(ASPMAX,ALPHA)
CALL SURF(E(NJ),A,YM,CLT,DCLDA,D2,D3,IERR)
IF(IERR.NE.J) GOTO 900
CLT = CLT+(ALPHA-A)®DCLDA {LINEAR EXTRAPOLATION
DFDA = DIM*DCLDA + FG®COSD(ALPHA)/RADIAN
F = FG®SIND(ALPHA) + CLT®*DIM - T®
JALF = F/DFDA

IF (ABS(DALF).LT.0.001) GOTO 200 YEXIT AS CLOSE ENCUGH
ALPHA = ALPHA - DALF
120 CONTINUE
. IERR = 102 {MORE THAN 20 ITERATIONS
GOTO 900

C CALCULATE EFFT - EFFECTIVE THRUST
200 EFFT = FGYCOSD(ALPHA )-RD

C CALCULATE CD & THEN D
) CALL GETCD
: D=23CD*DIM
900 CONTINUE

RETURN I RETURN NORMALLY
1 END

FIG., 7.6 Example of Subroutine AERO.
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SUBROUTINE GETCD
C ROUTINE TO CALCULATE CD GIVEN CLT & XM AND A PRIOR CALL TO AEROMX.

COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA,DELTL,THETAE,
1 CLO,DCLDA,K1,K2,CDO,CLCRIT,CDS
REAL K1,K2

C CALCULATE DRAG COEFF
IF(CLT.LE.CLCRIT) CDL = (CDO+K1®CLT®CLT)
IF (CLT.GT.CLCRIT) CDL = (. DO+(K1-K2)®*CLCRIT®*CLCRIT
1

+K2°CLTOCLT)
C CALCULATE TOTAL DRAG
CD = CDL + CDS
CONTINUE
RETURN
END
FIG. 7.7 ZEZxample ! of Subroutine GETCD

SUBROUTINE GETCL

C CALTULATES 2D (:COL+CDO«CIDS' FOR TIVEN CULT & MACH.
C ASSUMES CIL.(CL,MACH. I% THE RD 3PLINE IN E

COMMON /EDATA/ E{2000"

ZOMMCN 8/ B(200}

COMMON . USER. ©N,F3,8D,CL7.ID,ALPHA,CDC,I2S
EQUIVALENCE M ,BU  3)),. IERR,B. 75))

NJ = E(V) « 2,000

NJ 2z NJ « E(NG=1} » 001 tPTS 70 3RD SPLINE IN
XCLT = AMIN1(CLT,XSPMAX(E(NJ))Y

YM z AMAXT(XM, YSPMIN( E(NJ} 3

IERR = <1 IDERIVATIVE REQUIRED
CALL SURF(EINJ},XCLT,YM,CDL,DCDDCL,D2, D3, IERR)

IF(IERR.NE.D) GOTO 900

CDL = CDL+(CLT-XCLT)*DCDDCL ILINEAR EXTRAPOLATION
CD = CDO « CDL + DS

900 CONTINUE

RETURN
END

FIG. 7.8 Example 2 of Subroutine GETCD

[39]
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SUBROUTINE GETCDA

[o4
C RETURNS CD & ALPHA FOR GIVEN XM & CL.
c

CALL GETALF

CALL GETCD

RETURN

END

FIG. 7.9 Example of Subroutine GETCDA

SUBROUTINE GETCDCL
C RETURNS CD & CL FOR GIVEN MACH & ALPHA.

COMMON /EDATA/ E£(2000)

COMMON /B/ B(200)

COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA, DELTL,THETAE,CDDIFF,CDS
EGUIVALENCE ( ™,B( 3)),( IERR,B( 7%))

NJ =2
YM = AMAXT(XM,YSPMIN( E(NJ)) )

CALL SURF(E(NJ),ALPHA,YM,CLT,D1,D2,23,1ERR)
IF(IERR.NE.Q) RETURN

CALL GETCD

RETURN
END

FIG. 7.10 Example 1 of Subroutine GETCDCL

SUBROUTINE GETCDCL

C RETURNS CLT & CD FOR GIVEN VALUES OF MACH & ALPHA,
C ASSUMES PRIOR CALL TO AEROMX.

COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA,DELTL,THETAE,
1 CLO,DCLDA,K1,K2,CD0,CLCRIT,CDS
REAL K1,K2

C CALCULATE TRIMMED CL

CLT = DCLDA®ALPHA « CLO
C CALCULATE CD

CALL GETCD

RETURN

END

FIG. 7.11 Example 2 of Subroutine GETCDCL
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FUNCTION XSPMIN(SPL)

RETURNS LOWER BOUND OF SPLINE
DIMENSION SPL(1)

NC = SPL(2) « .00%
XSPMIN = SPL(NC+3)
RETURN

END

FUNCTION XSPMAX(SPL)

RETURNS UPPER BOUND OF SPLINE
DIMENSION SPL(1)

NC = SPL(2) « .00
XSPMAX = SPL(NC+4)
RETURN

END

FUNCTION YSPMIN(SPL)

RETURNS LOWER BOUND OF SPLINE
DIMENSION SPL(1)

YSPMIN = SPL(3)
RETURN
END

FUNCTION YSPMAX(SPL)

RETURNS UPPER BOUND OF 3PLINE
DIMENSION SPL(1)

NC = 3PL(2) + .O0O1
YSPMAX = SPL{NC+2)
RETURN

END

[41]

Useful Functions used in ACRAFT

T e dmia e

FIT SPL 'S X RANGE

FIT SPL'S X RANCE.
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8. PROGRAM P2V2 DESCRIPTION

8.1 Loading of Program on DEC System-10

The commands for loading program P2V2 and saving a core image on disk on
ﬁ DEC system-1C are:

LOAD P2V2, P24LIB/SEARCH
! . SAVE P2V2

The routines contained in each of these files are listed 1in the
following table and described briefly in this chapter,

P2V2 MAIN P2IN INMMD PSCON PDSIFF
RATE] SEPCON RATE2Z MMP GRID

P24LIB INTRP BADINP INLAB PLTLAB UNITS WRLAB

8.2 File P2v2 (P2 Version 2)

Most subroutines contained in this file have been extensively rewritten.
Their purpose 1s described here and further details are available 1in the source
program listing which is extensively documented.

8.2.1 P2 MAIN Program

P2V2 processes data files prepared for a particular aircraft by program
ACRAFT and produces either plotter files ready for submission to the off line
plot queue or output files to be further processed by the contour plotting
program P4V2,

Plotter files (named P2.PLT) are produced by options 4B, 4C and 4Z.
The output file P24A1.CON 1s produced by option 4A and the output files
P24A]1 ,CON, P24A2.CON and P24DIF.CON are created by option 4D. Option 4G creates
the file P24G.CON. All these output files (.CON) are used as input files to the
contour plotting program P4V2,

The main program has been modified maialy to cater for the additional
option 4G, The Modifications are labelled Kl and K4 in the source program

listing.

8.2.2 PZIN Subroutine

P2IN is called by the main program to process the aircraft identificatien
header on the input file and requests an option code for the type of run. An
error halt is forced if the 8000 words allocated for vector WORK are
insufficient to accommodate the data required by the input grid. 1t is the
user's responsibility to ensure that the option requested 1s consistent with the
purpose for which program ACRAFT produced the data,

This subroutine has been modified to allow for the additional option 4G
which plots contours of the energy parameter on a Mach number, turn rate (or
load factor) graid.




8.2.3 INMMD Sybroutine

Subroutine INMMD 1s called bv subroutine P2IN. It performs a
conversational dialogue with the user to accept text, grid data and
configuration parameters for on-line provision of maximum manoeuvre diagram

} data.

It 1s sti1ll in 1ts original condition as described in Reference 1.

8.2.4 PSCON Subroutine

1 Subroutine PSCON is called from the main program when 10PT=1 {Option 4A).
PSCON reads data files produced by program ACRAFT, expressed on a load factor
P y P & 3 P

(or turn rate), Mach number grid for each pressure height requested, and

s g P g g ,
] prepares a disk file PI4Al ,CON where the energy parameter 1s expressed on a
(Mach number, altitude) grid for each of the requested load factor or turn rate
grid points. P2LALT.CON will then be used as the input file when rumming P4VI te

produce contour plots.

—

In addition this subroutine now calculates the lift limit boundarv by
working out for each Mach number the height at which the load factor (or
turnrate) correspondiag to the maximuc l1ft coefficient 1s equal tc the
requested load factor (or turn rate),

M s e

This subroutine has been largely rewritten. The modifications are
labelled K2 ,K4 1n the program listing.

8.2.5 PSDIFF Subroutine

Subroutine PSDIFF is called from the main pregram when I10PT=4(Option 4D).
PSDIFF performs the functions of PSCON with two separagte files produced by
ACRAFT. Subroutine PSDIFF produces three data files, P24A1.CON, P24A2.CON and
P24DIF.CON (one for each aircraft and the differential data) any of which can
then be processed by program P4V2.

This subroutine has onlv been slightly changed and 1s described in
Reference 1. The modifications are labelled K2,K4 in the program listing.

8.2.6 RATE]l Subroutine

Subroutine RATEl 1s called from the main program when 10PT=2{option 4B,
TEl reads data produced by program ACRAFT expressed as energv parameter versus
turn rate (or load factor) for a range of altitudes (pressure he:ght or energv
height) and Mach nurmbers, and prepares & plotter file P2.PLT ready for plotting.
A scparate plotter page 1s produced for each value of the altitude variable.

This subroutine has been slightlv changed to allow for the cheice of load
factor as the x axis. The modifications are labelled K4 1n the prograr listing.

,«.
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8.2.7 SEPCOK Subroutine

Subroutine SEPCON 1is called from the main program when 10PT=8(ouption 4G).
SEPCON reads data files produced by program ACRAFT, expressed on a turn rate (or
load factor), Mach number grid for each pressure heights requestecd anc prepares
a file P24N,CON where the energy parameter 1s expressed on a Mach number, turn
rate for lcad factor! grid for each of the requested herghts. P24G.CON will then
be 1mput to program PAV2 te produce contour plots.

In addition this subroutine also transmits to P24G.CON the lift limit
boundaries calculated in program ACRAFT.

Tric subroutine was entirely rewritten for Version 2,

Subroutine RATEZ is called from the main program when I0PT=3(option 4C).

RATE2 reads data produced by program ACRAFT representing the optimum
energv parameter and corresponding turr. rate (or load facter) for a range of
energv states and load factors (or turn rates), RATE2 then prepares the plotter

file PZ.PLT ready for plotting.

This subroutine has been entirely rewritten for Version 2. Previously
(Version 1) it was necessary to run P4 to obtain these plots. It is now
possible (and more accurate) to create the plotter file directly from P2V2
because of the alternative turn rate grid variable.

8.2.9 MMP Subroutine

Subroutine MMP is called by the main program when 10PT=6 (Option 4F).

MMP is a conversational routine to assist in calculating data for the
Maximum Manoeuvre Persistance Diagram. Fuel available for optimum manoeuvres at
discrete range intervals, together with energv state, maximum sustained turn
rate and fuel flow, are requested as terminal! input, and the number of sus:iained
turns at each range 1s provided as terminai output,

This subroutine has not been modified in Version 2 and 1s described fully
1 Reference 1.

§.2.10 GRID Subroutine

Subroutine GRID is called by the main program when I0PT = 7 (Option <20,

GRID reads the data files produced by program ACRAFT, expressed on a Mach
numher, load factor (or turn rate) grid for each height requested and prepares &
disk file P2.PLT for plotting., Turn rate (or load factor) and energyv parameter
are plotted against Mach number for each load factor (or turn rate) requested,

A separate page of plots 1s produced for each value of the height variable
(energy height or pressure he.ght).

These plots are 1ntended as a- overview of the data grid and are produced with &
predetermined scale.

Thic surroutine hae bee- modified to allow for the additional optic- of
celesrimg load fastor or turt rate as ~ne of the grid variatles. The

m 4198ty e oare latelled Vo oi- othe zrigram listing.,




8.3 Subroutine Librarv P24LIB

PI4LIK contains & number of smell utilityv subroutines. Most of these
subroutines have been slightlv modified 1n Version 2 mzinly to cater for the
extra :nformstion belng presznted, The modificatrons are lahelled K3 and K5 an
the program listing.

8.3.1 INTRP and BADINP Subroutines

Routine INTRP (numerical interpolation) and routine BADINP (input error
text) are obtained from the file PIVI and are described in Chapter 7.

8.3.2 INLAR Ciuhroutine

IN_AR 15 called from schroutine PSDIFF to read an alphanumeric
t

8]
1dentifving header from an input disv file produced by program ACRAFT,

8.3.3 PLTLAR Subrautine

PLTLAB outputs the 1dentifving header read bv INLAE to a plotter file.

8.3.4 UNITS Subroutine

UNITS is called by P2IN to allocate text strings to variables for use 1in
terminal dialogue and plotter axis labelling, dependent on the unit svstem and
the energy variable selected.

8.3.5 WRLAFR Schroutine

WRLAR writes the descriptive header read bv INLAB onto an output disk
file to be used as input program P4Vv2,

|




9. PROGRAM P&4V2 DESCRIPTION

9.1 Loading cf Frogram on DEC Svstem-10

cading progran FLVD and saving g <ore imapge orn dLsw oon

'

[g3]

]
"
s
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-
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3
|

T ed 1n these files are listed 1in the following table
and described 1rn this ¢!

FoNz MAIN PLPSLA T
OUTXT PLCOTD  CGRIDC B

P-LIR CONT DIAG SMXTE PROMPT  REALIN DASH

P24L1B INTRP BADINP INLAF PLTI.AB UNITS

——
3.2 File P&Vl

. Most routines contained in thie file have been rectructured and
rewritten., Theilr purpose is des:cribed here and further details are ava:.able 1n

the source program listing which 1s extensively documented.

0.2.1 4 MAIN Program

EEEEN

The program PIVI processes data aced by program TIVI and
ots 1 r o

e
produtes contour pl for off line plciting. The contour pints or file Fo,PL
a

e of two tvpes:

/
“1) Contours of enerev parameter on & Mach number, gltitude (or eneryy state)
gric for selected ioad factcere “oprtaon LA and 4D),

() Comtrurs cf e-ergy parameter on & Mach number, turnrate (or loald factor)

5
grid for selested Neights "Opticr &G0,

Tre brief mairn program performs preliminary input operati
roctine PoPSaA 1f option 4A (or 400 15 selected and routine P4PSLC 1f

1e selected,

ops and calls
o

9,2.2 PLPSLE S:troutine

Subrautine PLPSLA 18 called fror the main program when options &A or 4D
are celected, Tt uses the anput data filenams to differentiate betweer requestc

arieon plote,

R . 1 PR . ~-
for sirgle zirorafy or cony




PLPS4A controls the conversational dialogue which allows the user to vary
several features of the plots: scale of plots, number and level of contours,
selection of load factors (or turn rate), smoothness of plots, inclusion of
energv state contours,

P4PSLA also controls the setting up and plotting of identifying text and
axes, the reading of grid data and boundary points from file P24A,.CON, the
plotting of energy rate contours together with the lift limit boundary and the
plotting of the superimposed energv state contours

9.,2.3 P4LPS4G Subroutine

Subroutine P4PS4G 1s called from the main program when option 4G 1is
chosen.

P4PSLG controls the conversational dialogue which allows the user to vary
several features of the plots: scale of plots, number and level of contours,
selection of heights {or energy states), smoothness of plots, inclusion of load
factor and turn radius grid (if the grid selected is turn rate).

P4PS4G also controls the reading of grid data and boundary points from
file P24G.CON, the plotting of energy rate contours together with the lift limit
boundary, and the plotting of the superimposed constant load factor lines and
structural load factor boundary when turn rate has been selected as a grid
variable. Only the points within the lift limit boundary are plotted whereas
contours outside the structural limit boundaries are drawn with a dashed line.

9.2.4 BOUND Subroutine

Subroutine BOUND is called by subroutine P4PS4A or P4PS4G to plot the
lift limit boundary line and label the end of the line.

9.2.5 ETSBND Subroutine

Subroutine ETSBND is called by subroutine P4PS4G to plot and label the
line corresponding to the structural load factor limit on a (Mach number, turn
rate) grid.

9.2.6 GRIDC Subroutine

Subroutine GRIDC is called by subroutine P4PS4G. It controls the
plotting of lines of constant load factor and lines of constant turp radius on a
(Mach number, turn rate) grid.

9.2.7 PCON Subroutine

Subroutine PCON is called by subroutines P4PS4A or P4PS4G to control
calls to the software routine PLOT. Plotting is achieved by calls to PLOTD
(P4V2) for straight lines between points or calls to SMOOTH (P4LIB) for
cubic arcs between points.

9.2.8 PES Subroutine

Subroutine PES is called by subroutine P4PS4A to control the plotting of
Eg contours by calling either PLOTD or SMOOTH for straight line or smoothed
plots, respectively.
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9.2.9 PLOTD Subroutine

PLOTD is a interface routine for the CALCOMP software routine PLOT. This
routine has been transfered from Version l.

9,2.10 OUTXT Subroutine

Subroutine QUTXT 1is called by PCON at the start of a contour iine to
output the contour level on the plotter.

This subroutine was derived from Version 1,

9.3 Subroutine lLibrarv P4LIR

Most subroutines put together in P4LLIB were taken from a set of general
purpose library routines avaliable to all ARL staff. These routines are
outlined brieflv below but mure detalls are availabie in Reference 1.

9.3.1 CONT Sctroutine

Subroutine CONT 1s called by P4PSLA or P4PS4G to draw contour lines for a
variable stored in a two dimensional array (i.e. Pg(M,H)).

9.3.2 DIAG Subroutine

DIAG is a routine called by CONT to interpolate along a mesh diagonal
using a simple biquadratic representation of the mesh.

9.3.3 S™OOTH Subroutine

SMOOTH 1s a routine which smooths the contour plots by joining successive
points on the contour with cubic arcs having tangential coincidence at their
common points (knots). The tangential slope is set equal to the mean of the
slopes of the straight lines that would otherwise join points on either side of
the knot. Whern smoothing is selected, an additional call to SMOOTH 1s required
to complete the current contour before proceeding to the next contour request.

9.3.4 PROMPT Subroutine

PROMPT 1s a routine called bv SMOOTH and REALIN which writes a text on
the user's terrinal,

9.3.5 REALIN Subroutine

REALIN 1s a routine call